From ancient times, medicinal plants have been making important contributions to mankind owing to their healing properties. Their fundamental aspects such as safety, quality, and efficiency ensure the role of plant-based medicines in healthcare. Couroupita guianensis Aubl, commonly known as cannonball tree, is a member of the family Lecythidaceae (Brazil-nut family). Cannonball tree has gained worldwide attention because of its immense therapeutic values including antibiotic, antiseptic, anti-inflammatory, antimicrobial, antimycobacterial, analgesic, antiarthritic, anti-biofilm, antidiarrheal, antifertility, antipyretic, antistress, antitumor, antiulcer, antidermatophytic, wound healing and immunomodulatory activities. Almost all parts of the tree have been used traditionally for treating various ailments. It has been reported that C. guianensis is a rich source of bioactive compounds, specifically the presence of isatin, tryptanthrin, and indirubin is noteworthy. The present review covers in-depth literature survey concerning ecology, morphology, ethnopharmacology, phytochemistry and toxicological information of C. guianensis. This review attempts to summarise information relating to the medicinal value of C. guianensis to date in order to provide baseline knowledge for future works.
Introduction
Ever since the beginning of life on earth, mankind has kept a close association with the botanical wealth to fulfil their basic needs such as shelter, clothing, food, and medicine. Ancient people value the plants as natural healers and have given a prominent position in their livelihood. Through many centuries, they have kept on observing and experimenting on medicinal plants and have accumulated a rich knowledge on their medicinal properties. This has led to the development of the indigenous system of medicine such as Ayurveda, Unani, Siddha, Chinese and others (1, 2) .
Traditional medicine remains the mainstay for promoting and maintaining good health in developing countries. Although the dependency varies between developed and developing countries, the majority (80%) of world's population depend on traditional medicine either as plant extracts or their active principles to meet their primary healthcare (2) . Medicinal plants are reported to be rich in bioactive secondary metabolites, thereby act as a renowned supply of drugs being utilized in folklore to modern medicine for therapeutic purposes. Besides their therapeutic potencies, their holistic approach, self-contained nature, safety, and adequacy make them inevitable as a root for alternative medicine.
Couroupita guianensis Aubl (Figure 1 ) belonging to Lecythidaceae family is well known for its medicinal and ornamental values. It is commonly called a Cannonball tree because of the cannonball appearance of its fruits. It is a large deciduous tropical evergreen tree widely cultivated as an ornamental plant for its distinctive flower and fruit. It is more common among tribes and rural people (3) and widely used in traditional medicine. The trees were overexploited during the past for timber, settlement, and agriculture and so it is under the category of threatened medicinal plant and has been enrolled in International Union for Conservation of Nature (IUCN) red list. In India, it is regarded as a sacred tree. Its flower is proclaimed as the State flower by the government of Puducherry, Union territory of India (4) . Till now there are solely a few reviews available on C. guianensis (CG). These reviews elaborated on the phytochemistry and pharmacological activities of C. guianensis. The present review encompasses a comprehensive literature survey in PubMed, Google Scholar, Science Direct, web of science and books covering articles, reviews and chapters related to C. guianensis till 2018 and summarises information on botanical classification, distribution, morphology, phytochemistry, biological activities and up to date information in the research findings related to C. guianensis.
Origin, distribution and morphology
Cannonball tree is native to the dense tropical rainforest of north-eastern South America, particularly in the Amazon Basin. It is also indigenous to Central America (Costa Rica, Panama), Western South America (Colombia, Ecuador, Peru) and Brazil (5) . It is thought to be native to India, Sri Lanka and Malaysia as well. In India, it is grown throughout the plains. It is widely grown as an ornamental tree in Botanical gardens and a sacred tree in Shiva temples. The curved staminal sheath of the flower over the pistil resembles Linga, a sacred snake protecting Lord Shiva (6) and hence used in the worship of Lord Shiva. The tree is popular among the tribal population, such as Shamans of South America (7) , Nigerian rural population (8) , Kailasagirikona forest range rural people (9) , Yanadi tribes in Seshachalam biosphere reserve forest of Chittoor district, Andhra Pradesh, India (10) and people of Gournadi Upazila, Barisal district and Bangladesh. It is planted in roadsides of different districts of Bangladesh (11) .
Couroupita guianensis is a fast-growing gigantic tree reaching a height of up to 30-35 m tall. The leaves are simple, alternate, oblong or oblong-ovate up to 10 cm long with entire to slightly serrate margin and a short petiole and hairy on the veins beneath. They are arranged in whorls at the end of the shoot (8, 12) . The tree bears racemose and cauliflorous inflorescence of about 3 m long. The flowers are large and flashy, show up in various colors like orange, scarlet or pink with a pleasant fragrance, almost throughout the year. They are strongly scented, especially at night and in the early morning (13) .
Sepals are short and six in number whereas petals are broad and also numbered six. Petals are unequal, concave; pink inside but with a mixture of white, yellow and pink outside. Stamens are numerous, arranged on a band that arises from the base of the ovary and bend over it forming a curved fleshy androphore. Most of the stamens are fertile, but some abortive stamens are also seen at the base of the band surrounding the ovary. Ovary is 5-7 celled and the cells are many-ovuled (4, 12, 14) . The flowers mature into large, reddish-brown, spherical, woody, indehiscent and amphisarcun (double fleshy) fruits of about 15-24 cm diameter and encased in a hard shell. Each tree bears around 150 fruits and takes up 1 year or nearly 18 months to mature. Each fruit weighs about 36 pounds (15) . The fruit contains numerous (200-300) seeds in a white, vinous and acidic pulp. The pulp fills the whole shell and differs in color indicated by the degree of maturity. The pulp oxidizes to bluish-green when exposed to air. It is rich in sulfur compounds which gives its disagreeable odor. Thus regardless of the palatability of fruits, they are occasionally consumed (14, 16, 17) . The plant is propagated by seeds. However, the seeds are reported to be recalcitrant with short life span (4).
treat microbial infections. Additionally, it is also widely used as a veterinarian plant. In the indigenous Ayurveda medicine, C. guianensis is used as a rubefacient, antiinflammatory and antirheumatic medicine. The leaves, bark and flowers are frequently used as infusion or tea by the Native Amazonian people of Amazon region and other states of the north region of Brazil (20) to treat hypertension, tumor, pain and inflammation. Further, the infusion of flowers is used as immunobooster. Likewise, leaves, roots and bark are utilized by Shamans of South America for treating malaria (21) . The leaves are used as snuff in the powdered form. In India, Kailasagirikona tribes and Yanadi tribes claim that leaves act as an effective hair vitalizer (9, 10) . Fruits are edible but their unpleasant smell deters most people from endeavoring them. However, the fruits are consumed by the Negroes of Guiana and are used for the preparation of the medicinal drink (22) . The overall traditional uses of CG are pointed out in Table 3 .
Phytochemistry
Physical factors like temperature, humidity, rainfall and sunlight and other factors like soil nutrients influence the synthesis of bioactive compounds in plants. Studies dedicated to C. guianensis have reported the identification and isolation of various categories of phytochemicals from different parts of the tree. The terpenes, flavonoids, phytosterols, alkaloids and phenolic acids are considered the most dominant family of components occurring in the cannonball tree. The fruits of cannonball tree are apparently rich in alkaloid, tryptanthrin and indirubin. Earlier, Sen et al isolated couroupitine A from the petroleum ether extract and couroupitine B from the chloroform extract of the dried and powdered fruits (30) . Later Bergman et al proved the structure of these compounds, couroupitine A and couroupitine B to be identical with tryptanthrin and indirubin respectively (31) .
The chemical composition varies with the level of maturation. For instance, mature fruits contain more amount of anthocyanin compared to young fruit, whereas, phenolic contents are more in young fruits and flowers compared to mature fruits and flowers (35) . The chemical constituents are summarised in Table 4 .
Pharmacological activities
Cannonball tree has been widely screened for its various pharmacological activities. The reported pharmacological activities of the cannonball tree highlight the therapeutic (43) . In another study carried out by Kekuda, marked scavenging activity against 2,2′-azino-bis-3-ethylbenzthiazoline-6-sulfonic acid was provided by the methanol extract of the leaf (IC 50 value 7.63 μg/mL) (11) . Likewise, the methanol extract of flowers and ethanol extract of the leaves have also been found to exhibit antioxidant activities (44) . The variations in antioxidant activities might be due to the method of extraction and the solvent used. In a study amongst all the extracts studied, cold percolation aqueous extract of leaf showed high phenol content (91.87±0.113 mg/g) and thus maximum DPPH free radical scavenging activity and ferric reducing antioxidant power with a percentage inhibition of 85.43 ± 0.155 and 11.85 ± 0.155 respectively at a concentration of 100 μg/mL (45) . Meanwhile, on assessing the effect of maturation on the in vitro antioxidant activities, it has been evident that young stages of leaf and fruit exhibited higher total phenols, flavonoids, ortho-dihydric phenols and anthocyanin and also maximum scavenging activity (35) .
Antimicrobial activity
A study highlighted the antibacterial activity of aqueous, chloroform and ethyl acetate extracts of leaf, flower and fruit against Escherichia coli, Bacillus subtilis and Pseudomonas aeruginosa and found that the chloroform and ethyl acetate extracts were predominant in phytochemicals and thus exhibiting higher zone of inhibition (ZI) comparable to that of streptomycin used as a positive control. Amongst the various extracts, the chloroform leaf, flower and fruit extracts exhibited significant antibacterial activity against E. coli and B. subtilis, specifically the chloroform fruit extract showed maximum antibacterial activity against P. aeruginosa with an inhibition zone of 14 mm (46) . In a similar study, chloroform fruit extract displayed moderate activity against gram-positive bacteria, B. subtilis (14 mm), Micrococcus luteus (18 mm), Enterobacter aerogenes (19 mm) and Staphylococcus aureus (26 mm), gram-negative bacteria Shigella flexneri (20 mm), Klebsiella pneumonia (18 mm), P. aeruginosa (8 mm) and Proteus vulgaris (12 mm). Further, the same extract showed 52% antibiofilm activity against P. aeruginosa at 2 mg/mL BIC, thereby demonstrating its ability to complex with the bacterial cell wall (47) . In another study the ethanol fruit rind extract (at 10 mg/mL) showed moderate activity against S. aureus, E. coli, C. diphtheriae and Micrococcus sp. (34) . These studies proved that both fruit rind and fruit pulp were active in inhibiting the growth of microorganisms. (14), 22-tetraen-3-one, β-sitosterol and its glycoside (11, (41) (42) concentration, whilst aqueous extract was ineffective against C. albicans, C. neoformans and P. chrysogenum (49) . Also, the methanol leaf extract showed significant antifungal activity against A. niger, A. flavus, Rhizopus indicus and Mucor indicus when compared with the aqueous extract (14) . CG root extract was active against Propionibacterium acnes and Staphylococcus epidermis with a minimum inhibitory concentration (MIC) of 0.675 mg/mL and 2 mg/mL respectively, indicating its antidermatophytic activity (50) . In contrast, leaf extract was ineffective against dermatophytosis causing bacteria such as Trichophyton rubrum and Trichophyton mentagrophytes (51) . Studies indicate that extraction methods play an important role in determining antimicrobial property. (38) . Studies prove that several such isatin derivatives were found to possess antimicrobial activity. Not many studies have been carried out concerning the antimycobacterial activity of CG. However, in a recent work, chloroform extract obtained from leaves of CG has been found to possess antimycobacterial activity against Mycobacterium smegmatis at a minimal inhibitory concentration of 64 μg/mL (53) . On the contrary, chloroform fruit extract showed low antimycobacterial activity against M. tuberculosis H 37 Rv (HR-Sen) ATCC 27294 and M. tuberculosis XRD-1 strains (47) . Recently, researchers focussed on the pharmacological study of nanoparticles obtained from plant extract. In one such study, silver nanoparticles obtained from flower extract demonstrated good effects against E. coli, B. subtilis and P. aeruginosa with a zone of inhibition of 15 mm (46) .
Anthelmintic activity
Helminthic infection is one of the major problems for livestock all over the world. Development of antihelminthic resistance made the researchers overlook for plant-based product. In vitro studies revealed that CG leaves and flowers possess antihelminthic property (54) . The extracts of leaves and flowers were tested against Pheretima posthuma by worm motility assay. By observing the time of paralysis and time of death, it was reported that chloroform, ethanol and acetone extracts obtained from CG flowers and methanol extract obtained from CG leaves showed better antihelminthic effect at the concentration of 100 mg/mL (55) .
Anti-inflammatory activity
Inflammation is a body's physiological response against intrinsic and/or extrinsic factors. In vitro and in vivo studies have implicated the role of CG in counteracting inflammation. In an in vitro study, the methanolic flower extract stabilizes the human red cell membrane at a dose of 500 μg/mL compared with the ethanolic flower extract and the standard drug, diclofenac. The flower extracts inhibited hypotonicity induced RBC membrane lysis. Since the RBC membrane is similar to the lysosomal membrane, the inhibition is taken as a measure of antiinflammatory activity (44) . Different extracts from leaves were explored in an in vivo study for inflammatory pain (formalin-induced licking) and acute inflammation (carrageenan-induced peritonitis). The study showed that hexane, ethanol and ethyl acetate extracts inhibited leukocyte migration at higher doses (30 and 100 mg/kg). The extracts were found to reduce cytokines such as tumor necrosis factor-α, and inhibit interleukin-1b and nitric oxide production. The flower extract was also reported to reduce the paw licking during first and second phases (20) . Similar anti-inflammatory study was carried out with flowers and bark of CG in the carrageenan-induced hind paw edema model and the observed mean paw volume was compared with the standard drug, indomethacin. Benzene, ethanol and aqueous extracts obtained from the flower and aqueous extracts obtained from bark showed a marked reduction in inflammation after 3 hours of administration (56) .
Neuropharmacological activity
In a study exploring the neuropharmacological activity, Gupta et al analyzed the effect of methanolic extract of flower with respect to spontaneous motor activity, rota-rod performance and phenobarbital induced hypnosis in mice. The extract exhibited a significant reduction in spontaneous motor activity and the onset of phenobarbitone induced sleep, dose-dependently (100, 250 and 500 mg/kg). However, the extract had no effect in motor coordination as evident from the rota-rod performance (26) . In addition, anti-depressant activity of CG has been confirmed in its roots and leaves. Methanol extract obtained from leaves were given orally to mice at a dosage of 125, 250, and 500 mg/kg body weight and the tail suspension test (TST), forced swim test (FST) and reserpine antagonism were carried out in the tested mice. The extract has been shown to reduce immobility time in TST and FST, and in reserpine antagonism, it significantly reduced the duration of catalepsy and ptosis. Furthermore, compound 3 isolated from petroleum ether extract of the leaf was found to implicate the same result with respect to TST and despair swim test but at lower concentration (1, 2.5, 5 mg/kg) suggesting its antidepressant activity (57) . The use of anxiolytic drugs helps to induce relaxation and hypnosis (58) . C. guianensis extracts were explored for its effect in controlling anxiety. Methanolic and aqueous flower extracts were found to have anxiolytic activity at a dose of 500 mg/kg as observed from the results of the elevated plus maze, light and dark, and open field test (26) .
Antihyperglycemic and antidiabetic activities
Different parts of CG were tested to evaluate its antidiabetic activity. Morankar et al fed alloxan induced mice with the aqueous and methanolic extracts obtained from flowers at a dose of 100 mg/kg body weight. The extracts showed significant (P < 0.05) reduction in blood glucose level compared with the standard, metformin (59) . One of the therapeutic approaches for diabetes is to control postprandial hyperglycemia which can be accomplished by inhibiting gastrointestinal carbohydrate hydrolyzing enzymes such as α-amylase and α-glucosidase (60) . A study was carried out to find the effect of methanolic extract of leaves on the aforementioned carbohydrate hydrolyzing enzymes and found that the extract could control the enzymes dose-dependently highlighting inhibition of α-amylase and α-glucosidase with sucrose as substrate and α-glucosidase with maltose as substrate at an IC 50 value of 2.86 mg/mL, 2.38 mg/mL and 2.49 mg/mL, respectively. Leaves are rich in polyphenolic compounds including hydroxycinnamic acids, rosmarinic acid, caffeic acid and kaempferol-3-neohesperidoside, triterpenoid and β-amyrin palmitate. These compounds were reported to have inhibitory activity against carbohydrate hydrolyzing enzymes (61). Further, reactive oxygen species are considered to be the underlying cause for β cell dysfunction, insulin resistance, impaired glucose tolerance and type 2 diabetes. Gold nanoparticles obtained from CG leaves have increased lipid peroxidation, and antioxidant enzymes such as superoxide dismutase, glutathione reductase and catalase enzyme activities in diabetic rats and thus alleviating hyperglycemia condition by regulating oxidative stress (48) . There is a close association between obesity and type 2 diabetes. Type 2 diabetes is characterized by insulin insensitivity. Obesity along with insulin resistance and hyperlipidemia are related to macrovascular diabetic complications (62) . CG has been explored for its anti-obesity potential and a positive result was obtained. The methanolic extract (100, 200 mg/kg body weight) of the plant reduced total serum cholesterol, low-density lipoproteins, triglycerides, very low-density lipoproteins and increased the highdensity lipoproteins in obese rats when compared with the standard, Atorvastatin. Further, the extract has demonstrated significant inhibition of atherosclerotic plaque formation (63) .
Anticytotoxic activity
Extracts of leaves, fruits and flowers were reported to exhibit anticancer, antiproliferative, cytotoxic and antitumor activities. Additionally, compounds particularly tryptanthrin and isatin isolated from CG have exhibited different extent of antagonizing the development and proliferation of cancer cells. Studies elucidating the anticancer potential of CG were carried out in various cell lines but the mechanisms underlying the anticancer potential have not so far been reported. Microculture tetrazolium test (MTT) assay was carried out to determine the cytotoxic ability of ethyl acetate leaf extract (ELE) and crude methanolic flower extract (CMF) on HT-29 cell line. ELE and CMF had better cytotoxicity with IC 50 values of 300.0 and 220.0 μg/mL, respectively (43) . On the other hand, MTT assay was performed using ethanol extract of fruit rind in HEP G2, Vero cell line, breast cancer cell line and HT 29-colon cancer cell line and obtained an IC 50 value of 62.5 μg/mL for all the cell lines except breast cancer cell line for which the extract exhibited an IC 50 value of 15.625 μg/mL. The study denoted that cytotoxicity was dose-dependent (34) . Similar MTT assay was accomplished with the methanolic flower extract on HeLa, NIH 3T3 and HepG2 cancer cell lines. The extract showed significant cytotoxic activity with IC 50 values of 202.6, 280 and 470.8 μg/mL for HeLa, NIH 3T3 and HepG2 cancer cell lines, respectively. Further, the methanolic extract was reported to contain quercetin and stigmasterol which are well known for their anticancer efficacy (64, 65) .
Nanoparticles obtained from plant extracts have demonstrated a significant role in counteracting cancer cells. Their cytotoxicity is due to surface morphology and size. Varied attempts were made with different types of nanoparticles obtained from the extracts of various parts of CG to study the anticancer potential. In one such attempt, iron oxide nanoparticles (CGFeO 4 NP) were synthesized using CG fruit extract (CGFE) and its cytotoxicity was compared with CGFE by performing MTT assay on human hepatocellular carcinoma cells (HepG2). Both the extracts CGFE and nanoparticles (CGFeO 4 NP) exhibited its cytotoxicity in a dose-dependent manner with IC 50 values of 120 and 44.51 μg/mL, respectively. Further, CGFE and CGFe 3 O 4 NPs treated HepG2 cells showed modified features like condensed nuclei, apoptotic bodies of nuclear morphology and membrane blebbing. These results made the authors to strongly suggest that CGFe 3 O 4 NPs induces HepG2 cell death through caspase-cascade mediated mitochondrial dysfunction and apoptosis (66) . A similar MTT assay was carried out by the same author with palladium nanoparticles (CGPdNPs) obtained from CG fruit extract (CGFE) on lung cancer cell line A549.
Comparatively, CGPdNP appeared to exhibit significant anticancer activity than CGFE with an IC 50 value of 121 μg/mL. Cells exposed to CGPdNPs showed changes in morphological and cytological changes (67) . On the other hand, in another study gold nanoparticles were synthesized using flower extract of CG and its effect on proliferation of human promyelocytic leukemia (HL-60) cell was determined by MTT assay. The nanoparticles treated cells exhibited changes including DNA fragmentation and damage leading to apoptosis (68) .
Furthermore, isatin isolated from the flowers exhibited cytotoxicity against HL-60 cells dose-dependently with an IC 50 of 2.94 μg/mL. Isatin-treated cells induced DNA fragmentation and apoptosis of HL-60 cells (69) .
Wound healing activity
Studies justify the use of CG in wound healing in folklore medicine. In one such study, the ethanol extract of the whole plant was evaluated for its potential to heal the wound in rats by carrying out two methods: excision and incision models. Parameters such as wound contraction, epithelisation, tensile strength and hydroxyproline content were then determined and it was reported that there was a decrease in the surface area of the wound and increase in the tensile strength and hydroxyproline concentration. Furthermore, complete epithelisation was observed within 15 days (70) . In another study, hydroethanolic leaf extract containing flavonoids such as 2′,4′-dihydroxy-6′-methoxy-3′,5′-dimethylchalcone and 7-hydroxy-5methoxy-6,8-dimethyl flavanone and the phenolic acid 4-hydroxybenzoic acid was reported to stimulate human skin fibroblast proliferation and promote UV absorption (27) . Fibroblast plays an incredible role in wound healing by enhancing wound contraction (71) .
Insecticidal/larvicidal activity
Plant-based insecticide provides an alternative to synthetic insecticide. Hence, a n umber of investigations has been performed to assess the plant-insect interactions to unveil their insecticidal potency. Leaves of CG were proclaimed to exhibit insecticidal activity. The aqueous extract obtained from leaf decreases the survival rate of Bemisia tabaci nymphs and adults by 29.2% and 35.34%, respectively. The eggs exhibited low sensitivity towards the extract with the reduction in survival rate by 19.2%. Moreover, the extract showed high repellency effect towards B. tabaci adults. Further, they suggested that the high repellency effect might be due to the aromatic property of CG (72) .
Larvicidal property of leaf, flowers and fruits of CG were well documented. The chloroform and petroleum ether extracts of flower and chloroform extract of fruit displayed significant larvicidal activity against third or early fourth instar larvae of Culex quinquefasciatus (73) . Likewise, hexane, chloroform and ethyl acetate extracts of leaf were more potent against Spodoptera litura and Helicoverpa armigera with hexane extract exhibiting maximum larvicidal activity by 68.66% and pupicidal activity by 100% against S. litura and maximum ovicidal activity by 64.28% against H. armigera with LC 50 value of 2.62% (74, 75) . Further, the ethyl acetate extract of leaves was found to control Musca domestica, housefly larva with LC 50 and LC 90 of 479.137 and 1969.851 ppm (76) . In addition, nanoparticles synthesized from CG were evaluated for its insecticidal/larvicidal activity. Subramaniam et al. synthesized gold nanoparticles from flower extract and demonstrated its toxicity against Anopheles stephensi at larval, pupal and adult stages (77) . Likewise, silver nanoparticles synthesized from leaf and fruit exhibited larvicidal activity against Aedes aegypti. These silver nanoparticles showed dose-dependent larvicidal activity (7) .
Hepatoprotective activity
Demonstration of the hepatoprotective role of CG leaf extract was carried out against CCl 4 induced liver damage in Wistar Albino rats of either sex. Assessment of liver marker enzymes at doses of 150 mg/kg body weight and 300 mg/kg body weight revealed significant hepatoprotective activity (25) . In another study, the methanol extract of CG leaves was observed to show significant activities on reduced glutathione, catalase, superoxide dismutase, glutathione reductase, malondialdehyde and glutathione peroxidase levels in CCl 4 -olive oil induced damaged liver. In addition, histological studies on liver tissues substantiated the biochemical results (78) .
Antinociceptive activity
Pain is the sign of injury and illness and medical community mostly depend on the analgesic drug, morphine to deal with it. Plants with antinociceptive property pave a way for the discovery of new antianalgesic drugs. CG leaves extract was evaluated for its antinociceptive activity through three analgesic models including acetic acid-induced contortions, tail flick, and hot plate. It has been found that the crude ethanol extract and its fraction exhibited significant activity in acetic acid-induced contortions and hot plate method while the highest effect was observed with hexane and ethyl acetate fractions in the tail flick model. The antinociceptive activity is partly mediated by nitric oxide pathways and opioid and cholinergic systems (20) .
Anti-ulcer activity
The antiulcer activity of methanol extract of flowers in Wistar rats revealed that at doses of 400 mg/kg b.w, the ulcer protection level and ulcer index score were found to be 86.82% and 4.93 ± 0.22%, respectively. Furthermore, the extract reduced gastric juice, free acidity (61.83 ± 4.71), total acidity (88.50 ± 5.09) and pepsin (15.36 μg/mL) when compared with ulcer induced control group (79) . It was suggested that the protective action of the CG flowers might be due to the richness in phytochemicals such as tannins and flavonoids. Another study performed using the ethanolic extract of CG leaves in experimental rats indicated that at doses of 150 and 300 mg/kg body weight there was a significant decrease in ulcer index, gastric volume and free acidity compared to control. The extract has recorded significant inhibition of the gastric lesions induced by pylorus ligation induced ulcer and ethanolinduced gastric ulcer. It has been claimed that the antiulcer property is attributed to the anti-secretory activity of the extract (80) .
Immunomodulatory activity
Both in vitro and in vivo studies have claimed CG to modulate (suppress or stimulate) the components of the immune system. Methanol extract of CG leaves was tested for hypersensitivity reactions using sheep red blood cell as the antigen in both the studies. It has been found to increase phagocytosis. It enhances the phagocytic functions of neutrophils and also it stimulates a cellmediated and humoral mediated immune response (81) .
Other activities
In addition to the aforementioned pharmacological activities, other biological activities of extracts from CG including antiurolithic, antiarthritic, antifertility and antidiarrheal, have also been evaluated.
Urolithiasis is one of the most common diseases and is characterized by the formation of all types of urinary calculi in the urogenital tract. Commonly, urinary stones are composed of calcium phosphate or calcium oxalate. Less common stones include uric acid, struvite or cystine stones. Assessing an in vitro study has shown that aqueous extract obtained from CG leaves has the ability to dissolve 40.8 ± 0.032% calcium oxalate (82) . In a similar study, the methanolic extract obtained from CG leaves has inhibited the growth of struvite crystals estimated by the decrease in the weight of the crystals from 2.53 g to 0.18 g (83) . Furthermore, an investigation pertaining to anti-coagulant activity reported that aqueous and chloroform extract obtained from CG leaves were known to show better anticoagulant activity by increasing the prothrombin time when compared with EDTA (17) . Likewise, CG leaves inhibited ADP induced human platelet aggregation in a dose-dependent manner, thus preventing the risk of development and progression of atherosclerosis (84) .
Antifertility drugs are mostly synthetic hormones. These drugs are made up of progesterone derivatives or a combination of progesterone and estrogen derivatives. Plant-based anti-fertility drugs can be an alternative. Various solvent extracts obtained from CG bark and flowers were tested for anti-fertility activity in adult female rats. Both flower and bark were reported to influence estrous cycle and reduce the number of implantations in pregnant rats by interfering in the receptive stage of the uterus and endometrial sensitivity for decidualization (85) .
Antidiarrheal activity of CG leaves was undertaken on castor oil induced diarrhea in albino rats with aqueous and methanolic extracts at a concentration of 100 mg/kg body weight. The report revealed that diarrhoeal episodes have been reduced significantly compared to the standard drug, loperamide (86) .
Hyperuricemia is a condition that predisposes to gout and gouty arthritis. The key enzyme that plays an important role in uric acid production is xanthine oxidase. CG fruit extract has been reported to inhibit xanthine oxidase and the percentage of inhibition was found to be concentration dependent showing maximum inhibition of 79.97% at 400 μg/mL compared to standard, allopurinol (87) .
Toxicology of Couroupita guianensis
Few studies assessed the toxicological aspects of CG. Acute toxicity tests of CG methanolic flower extract and ethanolic leaf extract have been evaluated in the Albino mice. There was no sign of mortality and behavioral changes in the mice when administered orally up to a maximum of 2 g/kg and 3 g/kg with methanolic flower extract and ethanolic leaf extract, respectively (25, 26) . Studies revealed that higher doses may be recommended, however, more research has to be carried out to fix the dosage.
Conclusion
In this review, the results of work pertaining to CG are highlighted comprehensively, which will provide assistance for further research to be undertaken in the future. Biological activities discussed in this paper validate almost all the traditional usage of CG. Reports on phytochemical composition demonstrate that CG has many bioactive components, notably isatin, indirubin and tryptanthrin. Further researches, specifically on mechanism of action, isolation and purification of active compounds and pharmacokinetics are necessary to evaluate its obtained biological activity. In addition, toxicological evaluation and more in vivo studies have to be carried out to establish its efficiency and safety that would warrant as a source of drug in the near future.
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